Background. Saphenous vein grafts (SVG) and internal mammary artery (IMA) grafts have been used for coronary artery bypass grafting. In adult patients with bypass grafting for atherosclerotic coronary artery disease, IMA grafts have been reported to have long-term patency; however, results are conflicting on whether the graft is sufficient to meet increased myocardial oxygen demand during exercise. There have been no studies on hemodynamics and blood flow during exercise after bypass grafting with IMA in pediatric patients with Kawasaki disease.
Methods and Results. We studied 17 pediatric patients with Kawasaki disease (average age, 7.5+±3.1 years), who underwent coronary artery bypass grafting with the IMA. The average number of coronary artery bypass grafts was 2.1+0.7/patient. For all patients, the left IMA was anastomosed to the left anterior descending coronary artery; for eight patients, the right IMA was also anastomosed to the right coronary artery. In addition, 11 SVGs were used. The postoperative patency rates after 1 month were 100% with the IMA graft and 91% with SVG. One year after the operation, the patency rates were 100% with IMA and 50%o with SVG. Hemodynamics during exercise were measured with a bicycle ergometer, and coronary sinus blood flow was measured by the continuous thermodilution method in six patients. The relation between ALVEDP (the difference between left ventricular end-diastolic pressure at rest and during exercise) and ASVI (the difference between the stroke volume index at rest and during exercise) was analyzed. Four of six patients had reduced cardiac function before operation (ALVEDP, positive; ASYI, negative). However, after the operation, all patients demonstrated improvements in cardiac function during exercise (ALVEDP, positive; ASVI, positive). Coronary sinus flow per left ventricular mass increased after operation from 70±46 to 87± 56 ml/min at rest (p<0.05) and from 139±118 to 183±150 ml/min during exercise (p<0.05).
Conclusions. 
Graft Patency Rates
One month after surgery, all 25 IMA grafts were patent (100%), and 10 of 11 SVGs were also patent (91%) ( Table 1) . Twelve IMA grafts after 1 year were patent (100%), whereas five of 10 SVGs were occluded (50%).
Hemodynamics at Rest Before and After Surgery
The averages of the cardiac index (CI) before and after surgery were 4.87+0.81 and 4.86±0.94 1/min/ m2, respectively (Figure 1) . Both values were in the normal range, and no significant differences were seen. Averages for the stroke volume index (SVI) before and. after surgery were 53±7 and 46±7 ml/m2, respectively (p=NS). Averages for left ventricular end-diastolic pressure (LVEDP) were 5.5 ±2.0 and 6.3 ± 1.4 mm Hg before and after surgery, respectively (p=NS). Averages for ejection fraction before and after surgery were 0.59±0.05 and 0.61±0.08, respectively (p=NS). In summary, hemodynamics before and after surgery at rest showed no significant differences.
Hemodynamics During Exercise Before and After Surgery
Changes of heart rate, cardiac index, left ventricular end-diastolic pressure, and stroke volume index. The heart rate (HR) before the operation increased from 92±10 beats/min at rest to 122±12 beats/min during exercise (p<0.01) (Figure 2 ). HR after the operation increased from 106±11 at rest to 138±17 beats/min during exercise (p<0.01). The rates of increase were 33% and 30%, respectively. A comparison of HR before and after the operation showed no significant increase both at rest and during exercise. The LVEDP before the operation showed a slight increase from 5.5 ±2.0 at rest to 8 isons of respective results before and after the operation revealed no significant difference either at rest or during exercise. The SVI before the operation was 53±7 at rest and 51±11 ml/m2 during exercise (p=NS) (Figure 3 ). After the operation, SVI slightly increased from 46±7 at rest to 50±6 ml/m2 during exercise (p=NS). Relation between ALVEDP and ASVI. As shown in Figure 4 , the horizontal axis shows the difference between LVEDP at rest and during exercise (lALVEDP) and the vertical axis shows the difference between the SVI at rest and during exercise (ASVI) so that their relation could be examined. Before the operation, in four of six patients, ALVEDP was positive, whereas ASVI was negative, which indicated a "depressed left ventricular function" as reported by Ross et al. 9 After operation in all patients, both ALVEDP and ASVI were positive. This relation between ALVEDP and ASVI can be identified as a point in the upper right area of Figure 4, Figure 6 ). '6 reported that at CABG with SVG and IMA graft to the LAD, blood flow through the SVG was two to three times higher than that through the IMA graft. They reported that the SVG was superior to the IMA graft with regard to blood flow. Barner17 measured graft blood flow during surgery and found no difference between the blood flow through SVG and IMA grafts. Barner also measured reactive hyperemic flow, which increases after the temporary occlusion of a graft, and found that the reactive hyperemic flow of the IMA graft was less than that of SVG. However, upon reopening the thoracic cavity to perform a subsequently necessary procedure, Barner again measured blood flow of the IMA graft and found that blood flow had increased. He further demonstrated that blood flow through the IMA graft could increase hourly. Schmidt et al18 administered isoproterenol to examine blood flow increases, and they reported no difference in blood flow between the IMA graft and SVG. Johnson et al19 compared the blood flow of the IMA graft with that of the SVG by use of thallium-201 myocardial scintigraphy, and they found no differences even during exercise. We also compared the blood flow of the IMA graft with that of the SVG and found no difference in blood flow 1 month after surgery.20 Until the present study, changes in blood flow after coronary bypass in pediatric patients with Kawasaki disease were unknown. In the present study, we found an increase in coronary blood flow even in the early postoperative period both at rest and during exercise. The reason for a postoperative increase of CSF may be based upon the absence of a significant increase in HR after surgery compared with the HR before surgery. About 1 or 2 months after surgery, nonspecific stress of surgery may result in sympathetic stimulation.21 '22 The increase of HR after surgery may be increased by sympathetic stimulation. However, the increase in postoperative CSF at rest and during exercise is probably due to the effect of revascularization surgery. In conclusion, from this study, the revascularization procedure with the IMA graft for coronary artery obstructive lesions in Kawasaki disease is considered extremely satisfactory from the clinical and hemodynamic viewpoints.
